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By applying different electric field strengths to the orifice–skimmer region of an electrospray
ionization mass spectrometer, the rate of dissociation can be varied based on the amount of
internal energy acquired by an ion through collisions with the curtain gas molecules. Both the
Arrhenius equation and Rice-Ramsperger-Kassel (RRK) theory can be used to predict the rate
of dissociation of internally excited molecules. A previously determined model for collision-
induced dissociation is tested by comparison of predicted and experimentally observed
orifice–skimmer potential differences for dissociation of ions. The rate of collision-induced
dissociation of bradykinin ions is determined by monitoring the fragments produced in a mass
spectrometer. The semi-quantitative model is found to yield effective predictions when
accurate Arrhenius and RRK parameters are utilized. (J Am Soc Mass Spectrom 2001, 12,
772-779) © 2001 American Society for Mass Spectrometry
Electrospray ionization (ESI) is a soft ionizationtechnique that is easy to operate and applicable tomost types of solutions. It has numerous applica-
tions when coupled with mass spectrometry (MS),
including the analysis of proteins [1–6], nucleotides
[7–9], and other compounds [10–12]. It is commonly
coupled with continuous types of mass analyzers such
as quadrupoles [13–15], but is also effective for pulsed
mass analyzers, such as time-of-flight [16, 17], and ion
traps [18–21].
By increasing the potential difference between the
orifice and the skimmer of a mass spectrometer de-
signed for ESI-MS, ions from the source are accelerated
through this region, and acquire increased internal
energy through collisions with the background gas
molecules. The increase in internal energy is propor-
tional to the potential difference between the orifice and
the skimmer, and therefore, the energy deposited in an
ion can be controlled. The main disadvantage of this
technique is that ions are not mass selected prior to
fragmentation. All of the components of a sample
experience the same conditions within the orifice–skim-
mer region, and this leads to complicated fragmentation
spectra when complex mixtures are analyzed. How-
ever, this problem can be alleviated by combining a
separation technique, such as capillary electrophoresis
or high performance liquid chromatography (HPLC),
with ESI-MS. An equation was derived recently to
describe the variation in the gas number density as gas
expands from atmospheric pressure through an orifice
into the first stage of a vacuum system of an ESI-MS
[22]. This equation enabled us to semi-quantitatively
predict the orifice voltages necessary to fragment vari-
ous cyclodextrin ions generated by electrospray ioniza-
tion. However, due to the difficulties in determining an
accurate vibrational frequency and the effective number
of degrees of freedom for the cyclodextrin analysis
using RRK theory, it is necessary to explore other
models for unimolecular dissociation.
Bradykinin, a nonapeptide important in the human
body’s response to trauma, is chosen for this study
because it has been extensively studied in the gas phase.
The Arrhenius pre-exponential factor and activation
energy have been determined by blackbody infrared
radiative dissociation (BIRD) [23, 24] and thermal dis-
sociation [25]. Its gas phase conformation, and the
efficiency of transfer of center of mass energy into
internal energy have been determined [26, 27]. The
purpose of this paper is to further test the previously
developed model [22] using both the Arrhenius equa-
tion and RRK theory to predict the rates of dissociation
of bradykinin within the interface region of three dif-
ferent electrospray ionization mass spectrometers.
Experimental
Chemicals and Apparatus
The acetate salt of bradykinin of 99% purity was from
Sigma (St. Louis, MO). HPLC grade methanol and
glacial acetic acid were from Fisher Scientific Ltd (Ne-
pean, Ont.). The sample was prepared by dissolving the
bradykinin salt in a solution of 59.5% water, 39.5%
methanol, and 1% acetic acid, at a concentration of 1024
M.
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The instruments used for this study were a prototype
single quadrupole ionspray mass spectrometer and a
prototype triple quadrupole ionspray mass spectrome-
ter from SCIEX (Thornhill, Ontario, Canada), and a
linear ion trap time of flight mass spectrometer
(LIT-TOF-MS) constructed in-house by the Don
Douglas research group [17]. For the two quadrupole
systems, a reduced flow (0.2 mL/min) electrospray
ion source was used [22, 28]. The tapered spray
tips were pulled in-house, and had an internal diam-
eter at the tip of approximately 20 mm. A voltage of
3 kV was applied for electrospray with a constant
curtain gas flow of approximately 1 L/min as
measured by a series FM-1050 gas flow meter (Mathe-
son, Montgomeryville, PA). Medical grade nitrogen
from Praxair (Mississauga, Ontario, Canada) was
used as the curtain gas for both quadrupole systems,
and ultra high purity nitrogen from Praxair (Missis-
sauga, Ont.) for the LIT-TOF-MS. A syringe pump
(Harvard Apparatus Syringe Infusion Pump 22,
South Natick, MA) was used to generate a solution
flow rate of 0.2 mL/min. For the LIT-TOF-MS an
ionspray source was used with an electrospray po-
tential of 5000 V. The solution flow rate was 1
mL/min, and the nebulizer gas pressure was main-
tained at 15 psi.
Results and Discussion
A free jet is formed when a gas expands into vacuum
through the sampling orifice of an electrospray ioniza-
tion mass spectrometer. The enthalpy of the gas is
converted into directed bulk flow kinetic energy, and
the local temperature of the gas decreases as shown in
the following equation [29]:
T 5 T0~1 1 0.5~g 2 1! M
2!21 (1)
where, T is the temperature at a given point in the free
jet, T0 is the source temperature, g is the ratio of heat
capacity at constant pressure to heat capacity at con-
stant volume (Cp/Cv), and M is the local Mach number,
which is the ratio of the gas flow speed to the local
speed of sound. Within the gas expansion, the Mach
number is given by [30]:
M 5 ASx 2 x0D D
g21
2
1
2 Sg 1 1g 2 1DYASx 2 x0D D
g21
(2)
where A and x0 are constants that are dependant on the
value of g, D is the orifice diameter, and x is the
distance downstream from the orifice. The values of
A and x0 used in this study were 3.65 and 0.40 D
respectively [30], and the orifice diameter for the
instruments used in this study was measured to be
approximately 0.25 mm. For nitrogen, a Mach num-
ber of one is achieved within approximately 72% of
an orifice diameter. The gas number density at this
point in the free jet has dropped to 66.8% of that at
atmospheric pressure.
For the two quadrupole mass spectrometers, we
have previously shown that the skimmer is located
prior to the calculated position of the mach disk, where
the disturbance at the end of a free jet causes the
temperature of the gas to rise to approximately the
temperature of the source region [22]. The distance
between the orifice and the skimmer is 1.7 mm for the
single quadrupole instrument, 2.1 mm for the LIT-TOF-
MS, and 3 mm for the triple quadrupole mass spectrom-
eter.
The gas number density along any streamline of the
free jet expansion between the orifice and the skimmer
of the mass spectrometers, with nitrogen as the curtain
gas, (g 5 1.4) is given by [22]:
ni 5
n0
S2.6645~39.2157x 2 0.4!0.8 1 0.1351
~39.2157x 2 0.4!0.8
2 0.2D 2.5 (3)
where ni is the gas number density at some point
within the free jet, n0 is the gas number density in the
source region (2.5 E19 cm23), and x is the distance
from the orifice. Within a free jet expansion, the
gas density drops off with roughly an inverse
square relationship to the distance from the orifice.
The free jet forms at a distance of 0.0142 cm from the
orifice.
In order to determine the number of collisions occur-
ring within this region, it is necessary to calculate the
mean free path for bradykinin ions in the laboratory
frame of reference, l, by [22]:
l 5
1
ns S1 1 vcD (4)
where n is the number density, s is the collision cross
section for the ion and the target gas molecule, v is the
velocity of the expansion gas flow, and c is the velocity
of the ion in the gas frame of reference.
The cross section for the collisions between bradyki-
nin and nitrogen was calculated by:
s 5 p~r1 1 r2!
2 (5)
where r1 and r2 are the cross sectional radii of proton-
ated bradykinin and nitrogen respectively. The radius
of a diatomic nitrogen gas molecule was estimated to be
1.49 angstroms from its covalent radius [22], and the
diameter of protonated bradykinin was estimated to be
16.57 angstroms. The diameter of protonated bradyki-
nin was estimated from eq 5 and the work of Wytten-
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bach et al., who accurately determined the collision
cross sections for singly- and multiply-charged brady-
kinin colliding with helium [26]. The collision cross
section used for this study was 301 Å2. This cross
section was assumed to remain constant throughout the
region between the orifice and the skimmer. In reality,
ions become desolvated as they travel through the
region, so the collision cross section would probably not
be constant throughout.
A spreadsheet was generated using Microsoft Excel
2000 to model the collisions between bradykinin and
nitrogen. As previously mentioned, the origin of the
free jet was taken as 0.0142 cm from the orifice. The
mean free path for a bradykinin ion was calculated at
this point using eq 4 to determine how far the peptide
would accelerate along a streamline in the free jet prior
to a collision. This mean free path was then added to the
initial position to yield the start of the next segment in
the free jet. The number density and the mean free path
were calculated again for this point using eqs 3 and 4 to
determine the linear distance from the orifice where the
second collision would occur. This process was re-
peated for the entire distance between the orifice and
the skimmer. The calculated number of collisions
ranged from 158 to 2762 for singly protonated bradyki-
nin when the orifice–skimmer voltage is varied from 0
to 250 V in the triple quadrupole mass spectrometer.
The total number of collisions was found to be slightly
higher for the single quadrupole mass spectrometer and
the LIT-TOF-MS at the same orifice voltages, even
though the orifice–skimmer spacing is smaller on both
of these systems. This is due to the increased electric
field generated within the orifice–skimmer region of the
single quadrupole and the LIT-TOF-MS causing the
velocity of an ion in the gas frame of reference to
increase substantially, decreasing the laboratory mean
free path.
Collisions between bradykinin ions and the neutral
gas molecules convert the ion translational energy into
internal energy of the bradykinin ions. The center of
mass coordinate system was used to model the energy
conversion in these collisions [31]. The kinetic energy of
an ion prior to the (i)th collision, (Ei,gas), which is also its
translational energy in the gas frame of reference is
described by:
Ei,gas 5 E9i21,gas 1 qDV (6)
where E9i21,gas is the ion translational energy after the
(i21)th collision, q is the charge on the ion, and DV is
the potential difference that the ion is accelerated
through. It is important to note that in the laboratory
frame of reference, the kinetic energy of the ion is
slightly higher (by a factor of vflow). This factor contrib-
utes equally to both the energy of the bradykinin ions
and the energy of the neutral gas molecules, so it is
important to model the collisions in the gas frame of
reference. The energy available for conversion to inter-
nal energy of the ion is the center of mass energy given
by [31]:
Ecm 5
m2
m1 1 m2
Egas (7)
where m2 is the mass of the target gas molecule, and m1
is the mass of the ion. The center of mass energy was
determined for each collision. All collisions were
treated as inelastic involving a moving ion and a
stationary gas molecule. Marzluff et al. have demon-
strated from trajectory calculations that greater than
90% of the calculated center of mass energy was con-
verted into internal energy of bradykinin [27]. Recent
studies suggest that this conversion is slightly less
efficient when averaged over all impact parameters and
peptide orientations [32, 33]. For these studies, a 90%
conversion rate of center of mass energy into internal
energy was assumed.
The ratio of the kinetic energy of an ion after and
before an inelastic collision with a stationary gas mole-
cule is given by [22]:
E9gas
Egas
5
m1
2
m2
(8)
where E9gas and Egas are the translational energy of the
ion in the gas coordinate system after and before a
collision, and m is the sum of the masses of the ion and
the gas molecule. This equation accounts for transla-
tional energy losses due to conversion of Ecm to internal
energy of the ion, as well as recoil of the neutral gas
molecule [34]. Equation 8 was used to determine that
approximately 95% of the translational energy of the
bradykinin ions was maintained after each of the colli-
sions. The calculated ion translational energy after the
collision (E9gas) was then used as the new initial trans-
lational ion energy at the start of the next single
collision region on the spreadsheet. The total energy
converted to internal energy of the bradykinin ions was
determined by summing the contributions from all of
the collisions with nitrogen. These calculations were
carried out at various orifice–skimmer potential differ-
ences to yield a working curve of ion internal energy
versus orifice–skimmer potential difference. This work-
ing curve allows us to predict the necessary orifice
voltage to fragment ions with various bond strengths.
Figure 1 illustrates a plot of the kinetic energy con-
verted to internal energy at various distances from the
orifice on the single quadrupole mass spectrometer. The
free jet region is divided into 80 mm segments to
illustrate that similar amounts of internal energy are
generated in all regions of the free jet expansion. In the
first region, over a thousand low energy collisions
occur, at an orifice–skimmer potential difference of 100
V, which impart the same internal energy as the 5 or 6
high energy collisions in the final region. The difference
in energy between these collisions is due to the larger
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mean free path for ion acceleration close to the skim-
mer.
Two different methods were used in this study to
determine the internal energy necessary for dissociation
of bradykinin molecules. Method one involved the
Arrhenius equation with activation energies and pre-
exponential factors determined from BIRD experi-
ments. For unimolecular dissociation of singly proton-
ated bradykinin, the pre-exponential factor is 1012 s21
and the activation energy is 1.3 eV [23, 24]. Although
these values are measured in the zero-pressure limit,
they can be applied to the interface region of an
electrospray mass spectrometer for large molecules.
Large biomolecules absorb and emit blackbody radia-
tion at a rate much higher than the rate of dissocia-
tion. In this regime, where the internal energy distri-
bution of the biomolecule can be characterized by a
Boltzmann distribution, the pre-exponential factor
and activation energy determined by BIRD approach
the values of the high pressure limit [35, 36]. Simple
first order kinetics was used to predict the necessary
rate constant for bond dissociation on the order of the
time frame for the bradykinin ions to travel through
the mass spectrometers. The equation for this is the
following:
ln
@A#
@A0#
5 2kt (9)
where [A] is the concentration of the parent ion at
time t, [A0] is the initial parent ion concentration, and
k is the unimolecular rate constant. This equation was
used to determine the rate constant necessary for 10%
dissociation of the bradykinin ions. The calculated
rate constant was 105.4 s21 assuming that it takes
approximately 1 ms for an ion to travel from the
skimmer to the mass analyzer of the mass spectrom-
eters. The Arrhenius equation was used to determine
the necessary ion internal temperature to generate
this unimolecular reaction rate constant. The equa-
tion is given by [37]:
k 5 Ae2Ea/RT (10)
Figure 1. Center of mass energy converted to internal energy of bradykinin ion per 80 mm region
from the origin of the free jet on the single quadrupole mass spectrometer. The data for orifice–
skimmer voltage differences of 250, 200, 150, 100, 50, and 0 V are illustrated.
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where k is the rate constant, A is the pre-exponential
factor, Ea is the activation energy, R is the gas constant,
and T is the temperature. Utilizing the rate constant
calculated above, the necessary internal temperature
was calculated to be 656 K. To determine the amount of
energy needed to heat the ions to this temperature, it is
assumed that the ion internal temperature was equili-
brated to room temperature, or 295 K, prior to heating
within the orifice–skimmer region. Thus, the tempera-
ture difference is 361 K. Assuming most of the internal
energy of the ion is present as vibrational energy, the
internal energy necessary to achieve 10% dissociation is
estimated by:
DE 5 nkDT (11)
where n is the number of degrees of freedom, k is the
Boltzmann constant, and DT is the temperature change.
For the singly charged bradykinin ion, it was estimated
that 13.83 eV of internal energy is necessary to cause a
10% fragmentation of the ion within the mass spectrom-
eters. Integration of the heat capacity of bradykinin as a
function of temperature would be required if a more
accurate energy is needed.
The second method used to predict the internal
energy requirement to achieve fragmentation of brady-
kinin ions was the RRK equation, given by [38]:
K < vSE 2 E0E D
s21
(12)
where K is the RRK rate constant for unimolecular
dissociation of the activated complex, n is a vibrational
frequency, E is the ion internal energy, E0 is the bond
strength, and s is the number of vibrational degrees of
freedom. It has been found that the results obtained
from eq 12 are closer to experimental results when a
decreased number of vibrational degrees of freedom is
used [38]. For calculations with the RRK theory, the
number of degrees of freedom was reduced by a factor
of 3. Bradykinin has 150 atoms, and thus has 444
internal degrees of freedom. The threshold dissociation
energy was 2.5 eV for bradykinin [39], and the RRK rate
constant was 102 to reflect a 10% dissociation on the
time scale of the ions travel from the skimmer to the
mass analyzer. The vibrational frequency used in this
study was 1013.2 s21 [27, 39]. Using this equation, the ion
internal energy necessary to yield a 10% ion fragmen-
tation ratio in the mass spectrometers is 13.72 eV. It is
important to note that RRKM theory is generally a more
satisfactory method for determining kinetic shifts, but
when proper values are used, RRK theory and the
arrhenius equation have been shown to produce similar
results [40].
The mass spectra of 1024 M bradykinin solution
shows the presence of singly, doubly, and triply pro-
tonated ions, identified by resolving the isotopic peak
spacing. To determine the fragments observed for each
of these ions, the triple quadrupole mass spectrometer
was first used to conduct tandem mass spectrometry.
Each ion was separately mass selected in Q1, followed
by collisional activation in Q2. The fragments were then
observed by scanning a wide range of masses in Q3.
The MS/MS spectra of the triply protonated brady-
kinin ions contains peaks corresponding to (P13H)31,
(P13H2H20)
31, y2
1, b4
1, y3
1, y4
1, b5
1, (P12H)21 and other
fragments as described using the notation of Roesp-
storff [41]. Fragments from the triply charged ion in-
clude the doubly protonated bradykinin, making it
difficult to quantitatively determine the behavior of the
doubly charged peak as the orifice–skimmer potential is
increased. For this reason, and because the doubly
charged peak was observed to exhibit extensive frag-
mentation, only the singly protonated bradykinin mol-
ecule was used for calculations in this study.
The results obtained for MS/MS of singly protonated
bradykinin with the triple quadrupole mass spectrom-
eter are shown in Figure 2 with 1 mTorr of nitrogen in
Q2. The ion translational energy prior to Q2 is 51 eV,
101 eV, and 161 eV, respectively. At low energies, the
singly charged ion fragments to yield predominantly
Figure 2. Fragment ion spectra of singly protonated bradykinin
at varying ion energies in the triple quadrupole mass spectrome-
ter. The ion energy ranges from 51 eV to 161 eV, and the main
daughter peaks observed correspond to b8
1 (m/z 5 887), y8
1 (m/z 5
905), (P1H2NH3)
1 (m/z 5 1044), and (P1H260)1 (m/z 5 1001).
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the y8
1 fragment. At higher fragmentation energies, the
b8
1 peak and the (P1H2NH3)
1 peak become evident as
well as a peak corresponding to (P1H260)1.
Utilizing the potential difference between the orifice
and the skimmer of the three mass spectrometers, the
predominant fragments observed for singly protonated
bradykinin are the y8
1 fragment and the b8
1 fragment. At
higher orifice–skimmer potential differences, the
(P1H260)1 fragment was observed. The sum of the
fragments was used to determine the extent of fragmen-
tation of the parent peak. The skimmer was maintained
at ground on the single quadrupole mass spectrometer,
110 V on the triple quadrupole mass spectrometer, and
15 V on the LIT-TOF-MS. Typical data for orifice–
skimmer dissociation of the singly charged bradykinin
ions is shown in Figure 3 for the single quadrupole
mass spectrometer. The orifice potentials were 62.2,
86.1, and 112 V for the three runs respectively. The
fragments produced by collision-induced dissociation
(CID) in the interface region are similar to those in Q2.
This similarity has been noted previously for other
peptides [42, 43], however for proteins, the formation of
dimers and multimers in the source can make direct
comparisons difficult [44]. A significantly higher degree
of ion fragmentation can occur when ions are heated
within the orifice–skimmer region. The fragmentation
in Q2 can be increased with higher collision gas pres-
sures and ion translational energy.
The orifice–skimmer fragmentation curves for the
single quadrupole (a), triple quadrupole (b), and LIT-
TOF-MS (c) are shown in Figure 4. Each of the points
represents an average of three replicates. The fragmen-
tation curves were reproducible, with a relative stan-
dard deviation of approximately 5% for each measure-
ment taken at the 10% dissociation level. The curves
look very similar for the three instruments, demonstrat-
ing an increase in the degree of fragmentation occurring
approximately 20 V after desolvation of the ions. Typ-
ical orifice–skimmer potential differences used to
achieve desolvation were 30 V, 50 V, and 70 V for the
triple quadrupole [22], single quadrupole [22], and time
of flight mass spectrometers respectively. Ions can be
heated very rapidly between the orifice and the skim-
mer of an ESI-MS. The heated ions then enter the Q0
region of the instrument, where collisional cooling
occurs. In this region, the ions gain a small amount of
internal energy from the collisions with the gas mole-
cules, but also lose a small amount of internal energy
Figure 3. Fragmentation spectra of singly protonated bradykinin
(m/z 5 1061) obtained utilizing various potential differences (62,
86, and 112 V) between the orifice and the skimmer of the single
quadrupole mass spectrometer. The main fragment ion peaks
correspond to b8
1 (m/z 5 887), y8
1 (m/z 5 905), and (P1H260)1
(m/z 5 1001).
Figure 4. Percent fragmentation of singly protonated bradykinin
with an increase in the orifice–skimmer potential difference on the
single quadrupole (a), triple quadrupole (b), and LIT-TOF (c) mass
spectrometers.
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via collisional deactivation and emission of radiation.
The rate of input of internal energy to the ions between
the skimmer and Q0 was minimized by maintaining a
small potential difference of 7 V between them. Losses
of internal energy due to radiative relaxation were
assumed to be negligible because of the short time scale
of these experiments (’1 ms). The LIT-TOF-MS was
found to require a larger desolvation energy than either
of the two quadrupole instruments. This is most likely
due to the fact that the gas pressure within Q0 of the
LIT-TOF-MS (1.8 mTorr) is lower than it is in the quadru-
pole systems (7 mTorr). As a result, an ion experiences
fewer collisions to maintain its internal temperature
within Q0, necessitating an increased orifice–skimmer
voltage difference. Another possible reason for the large
orifice–skimmer voltage difference necessary for desolva-
tion may be the larger droplet size formed by the ionspray
ionization source as opposed to the reduced flow ioniza-
tion source. This may cause the ions to enter the mass
spectrometer with a higher degree of solvation.
The predicted orifice voltages for fragmentation of
the singly protonated bradykinin on the single and
triple quadrupole mass spectrometers, and the LIT-
TOF-MS are compared with the experimental results in
Table 1. The predictions by RRK theory and the Arrhe-
nius equation are in agreement, and are similar to what
is observed experimentally. The predictions are accu-
rate for all three instruments, demonstrating the general
applicability of this model.
The RRK equation is based upon a micro canonical
theory that can be used to determine a kinetic shift for
large biomolecules. The rate constant for unimolecular
dissociation obtained is independent of the method of
ion excitation. To achieve a reasonable estimate for
internal energy requirements using this theory, it is
crucial to use correct values for the rate constant, the
number of degrees of freedom, and the vibrational
frequency of the molecule. A variation of either the
vibrational frequency or the RRK rate constant by a
factor of 10 for this molecule varies the predicted
internal energy requirement by 9.3%. Decreasing the
number of degrees of freedom by a factor of 4 rather
than 3 results in an 11.95% decrease in the calculated
internal energy to 12.08 eV. This is a 1.6 eV decrease in
internal energy, but only varies the predicted dissocia-
tion voltage by 4 V. The variability of these parameters
makes it difficult to use RRK theory for ions which have
not been extensively studied. However, for well char-
acterized ions such as bradykinin, these uncertainties
result in minimal difference in the predicted orifice–
skimmer potential difference.
When adjusting the orifice–skimmer potential differ-
ence to achieve fragmentation in ESI-MS, it is extremely
uncommon to vary the potential difference by an incre-
ment smaller than 5 V. Therefore, a semi-quantitative
model for unimolecular dissociation is useful if it can
predict potential differences to within approximately
5–10 V. Due to the rapid increase in fragmentation near
the dissociation threshold energy, the calculated error
in the predicted orifice voltages for dissociation is
approximately 2 V. These results support the premise
that ions are heated in a series of collisions in the
interface region in ESI-MS, and the total internal energy
acquired by an ion can be regarded as the sum of the
energy generated in each of the individual ion/neutral
collisions. Further evaluation of this model is necessary
to determine its general applicability.
Conclusion
This work demonstrates that the rate of unimolecular
dissociation of ions can be predicted based upon the
internal energy an ion acquires through collisions with
background gas molecules, and that the magnitude of
the acquired energy can be controlled by adjusting the
orifice–skimmer potential difference on an electrospray
ionization mass spectrometer. Predicted values for 10%
dissociation of bradykinin are similar to the experimen-
tal values when either the Arrhenius equation or RRK
theory is used. Useful predictions by either method
require knowledge of appropriate values including the
threshold dissociation energy, vibrational frequency,
number of vibrational degrees of freedom, Arrhenius
preexponential factor, and activation energy. Useful
predictions are made for bradykinin when the degree of
fragmentation is chosen to be below approximately 20%
because extensive fragmentation at higher energies
makes it difficult to unambiguously assign the daughter
peaks to the singly charged parent ion.
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Table 1. Predicted and observed orifice voltages for 10% dissociation of protonated bradykinin in three different mass spectrometers
Instrument
Predicted voltage using the
Arrhenius equation with
BIRD values (V)
Predicted voltage
using the RRK
equation (V)
Observed orifice
voltages (V)
(62V)
Single Quadrupole Mass Spectrometer 86 86 85
Triple Quadrupole Mass Spectrometer 177 177 177
Linear Ion Trap-Time of Flight-Mass Spectrometer 121 121 123
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